TITLE OF THE INVENTION 

Semiconductor Device and Manvifacturing Method Thereof 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to semiconductor devices and 

manufacturing methods thereof, and more particularly to a semiconductor 

device having a conductive layer as an interconnection layer and a 

manufacturing method thereof. 

Description of the Background Art 
10 Conventionally, aluminum is used for an interconnection layer of a 

semiconductor device. The problem related to a method of manufacturing 

the interconnection with aluminum will be described. 

Figs. 18 to 22 are cross sectional views shown in conjunction with the 

problem associated with the conventional manufacturing method. 
15 Referring to Fig. 18, an interlayer rasidating film 102 is formed on a 

silicon substrate 101. A titanium nitride film 103 as a barrier layer is 

formed on interlayer insvdating film 102. An aluminum film (hereinafter 

referred to as a high-temperature alxmiinum film) 105 is formed on 

titanium nitride film 103 by sputtering at a high temperature of about 
20 400°C. 

The formation of the aluminum film at such high temperature 
increases planarity of high-temperature aluminum film 105. A crystal 
gi-ain size of high -temperature aluminum film 105 is larger than that of an 
aluminum film formed at a low temperature. Therefore, when high- 
25 temperature aluminum film 105 is cooled, a recess 106 is formed by the 
grain boundary, for example, due to shrinkage of a crystal. 

Referring to Fig. 19, an anti-reflection film 109 of titanium nitride is 
foi'med on a surface of high -temperature aluminum film 105. At the time, 
a thickness of anti-reflection film 109 is particularly small at a corner 106a 
30 of recess 106. 

Refer-ring to Fig. 20, resist is apphed onto anti-reflection film 109. 
After the resist is exposed to Hght, a resist pattern 1 10 is formed by 
development using developer. As the thickness of anti-reflection film 109 



is small at corner 106a of recess 106, the developer melts a portion of anti- 
reflection film 109 and also a portion of Mgh-temperature aluminum film 
105. Thus, recess 106 extends and an opening 107 is formed. Opening 
107 is gi-eater than the opening at anti-reflection film 109. 

Referring to Fig. 21, etching of anti-reflection film 109 and high- 
temperature aluminum film 105 is started using resist pattern 110 as a 
mask. At the time, etch residue 111, formed by reaction of high- 
temperature aluminum film 105 and etchant, is left at a portion covered by 
anti-reflection fihn 109 in opening 107. It is relatively difficult to etch 
etching residue 111. 

Refening to Fig. 22, when etching is further performed, etch residue 

111 acts as a mask to leave high-temperature aluminum film 105 and 
titanium nitride film 103 thereunder. As a result, interconnection layers 

112 and 113 are formed and, at the same time, residues 121 and 122 
including conductive portions are formed at portions which would have 
essentially been free of such conductive materials. 

Formation of an interlayer insulating film on residues 121 and 122 
would result in insulation failure of the interlayer insulating film and 
reduction in reHabihty of the semiconductor device. 
SUMMARY OF THE INVENTION 

The present invention is made to solve the aforementioned problem. 
An object according to one aspect of the present invention is to provide a 
semiconductor device provided with high reHabflity and preventing 
insulation failure. 

An object according to another aspect of the present invention is to 
provide a semiconductor device provided with high adhesion with a lower 
layer and preventing connection failure. 

The semiconductor device according to one aspect of the present 
invention includes a semiconductor substrate and a conductive layer 
including polycrystal formed on the semiconductor substrate. A recess is 
formed by a grain boundary in a surface of the conductive layer. A 
distance between side walls of the recess becomes small as closer to the 
semiconductor substrate. 



In the semiconductor device having such structure, as the distance 
between the side walls of the recess becomes small as closer to the 
semiconductor substrate, there w6\ild be no space for the residue caused by 
the etching in the recess in the conductive layer and any conductive 
5 material is not left at the unexpected portion. As a result, the 

semiconductor device provided with high rehability and preventing 
insulation failure is provided. 

More preferably, the conductive layer includes first and second 
conductive layers. The first conductive layer is formed on the 
10 semiconductor substrate and includes a polycrystal having a fixst average 
grain size. The second conductive layer is formed with a recess on the first 
conductive layer and includes a polycrystal having a second average grain 
size which is greater than the first average grain size. 

As the first average grain size is relatively small as compai'ed with 
15 the second average grain size, adhesion between the first conductive layer 
of the first average grain size and a lower layer increases. Thus, the 
semiconductor device provided with high reHability and preventing 
connection failure is provided. 

More preferably, the semiconductor device further includes a thin 
20 film layer formed on the conductive layer and having a material which is 
different fi-om that of the conductive layer. 

More preferably, the thin film layer includes titanium or silicon 
nitride. Then, the thin film layer can be used as a barrier layer or anti- 
reflection layer. 

25 More preferably, the conductive layer includes aluminum. 

More preferably, the semiconductor device further includes an 
insulating layer formed on the semiconductor substrate and a barrier layer 
formed on the insulating layer. The conductive layer is formed on the 
barrier layer. 

30 Then, as the barrier layer is formed under the conductive layer, 

diffusion of atoms of the conductive layer can be prevented. 

A semiconductor device according to another aspect of the present 
invention includes first, second and third conductive layers. The fiirst 
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conductive layer is formed on the semiconductor substrate and includes a 
polycrystal having a first average gi-ain size. The second conductive layer 
is formed on the fii-st conductive layer and includes a polycrystal having a 
second average grain size which is greater than the first average grain size. 
The third conductive layer is formed on the second conductive layer and 
includes a polycrystal having a third average grain size which is smaller 
than the second average grain size. 

In the semiconductor device having such structure, as the average 
grain size of the third conductive layer formed on the second conductive 
layer is small, formation of a recess hy a gi-ain boundary in the third 
conductive layer is prevented. As there woiQd be no space for residue 
caused by etching in the third conductive layer, a conductive material is not 
left at an unexpected portion. As a result, the semiconductor device 
provided with high rehabihty and preventing insulation failure is provided. 

As a first average grain size of the fii'st conductive layer formed on 
the semiconductor substrate is relatively small, adhesion with a lower layer 
is increased and connection failure can be prevented. 

More preferably, a recess is formed in a surface of the second 
conductive layer by the gi*ain boundary. A distance between side walls of 
the recess becomes small as closer to the semiconductor substrate. 

Then, there would be no space for the residue caused by the etching 
in the third conductive layer covering the recess. As a result, the 
conductive material is not left at the unexpected portion, so that reliability 
of the semiconductor device is further increased. 

More preferably, the semiconductor device further includes a thin 
film layer formed on the thii-d conductive layer and having a material 
which is different from that of the third conductive layer. 

More preferably, the thin film layer includes titanium or sihcon 
nitride. Then, the thin film layer can be used as an anti-reflection film or 
barrier layer. 

More preferably, the conductive layer includes aluminum. 
More preferably, the semiconductor device includes an ins\ilating 
layer foi-med on the semiconductor substrate and a barrier layer formed on 



the insvdating layer. The conductive layer is formed on the bai-rier layer. 

Then, as the barrier layer is formed under the conductive layer, 
diffusion of atoms of the conductive layer can be prevented. 

A method of manufacturing a semiconductor device according to one 
5 aspect of the present invention includes a step of forming a conductive layer 
including a polycrystal on a semiconductor substrate. The conductive 
layer having a recess in its surface foimed by a grain boundary. A 
distance between side walls of the recess becomes large as closer to the 
semiconductor substrate. The method of manufacturing the semiconductor 
10 device includes a step of forming the side walls such that a distance 
therebetween becomes small as closer to the semiconductor substrate. 

In the method of manufacturing the semiconductor device having 
such structure, the side walls prevents formation of a space for the residue 
in the conductive layer. Thus, a conductive material is not left at an 
15 unexpected portion, so that the semiconductor device provided with high 
reliability and preventing insidation failure is provided. 

More preferably, the step of forming the conductive layer includes a 
step of forming a first conductive layer at a first temperature on the 
semiconductor substrate, and a step of forming a second conductive layer 
20 having a recess at a second temperature which is higher than the first 
temperature on the first conductive layer. 

_ As the first conductive layer is formed at the relatively low 
temperature, adhesion between the fij:st conductive layer and a lower layer 
increases. As a result, the semiconductor device provided with high 
25 reliabihty and preventing connection failure is provided. 

More preferably, the step of forming the second conductive layer 
includes a step of keeping the second conductive layer in the atmosphere at 
the second temperature after the second conductive layer is formed by 
sputteiing at a temperature which is lower than the second temperature. 
30 More preferably, the method of manufacturing the semiconductor 

device further includes a step of forming a thin film layer having a material 
which is different fi'om that of the conductive layer on the conductive layer 
having the formed side walls. 



More preferably, the method of manufacturing the semiconductor 
device further includes a step of fonning an insulating layer on the 
semiconductor substrate and a step of forming a barrier layer on the 
insulating layer. The step of forming the conductive layer includes a step 
of forming a conductive layer on the barrier layer. 

Then, as the barrier layer is formed under the conductive layer, 
diffusion of atoms of the conductive layer is prevented. 

More preferably, the step of forming the side walls includes a step of 
sputter etching the conductive layer. 

A method of manufacturing a semiconductor device according to 
another aspect of the present invention includes a step of forming a fii-st 
conductive layer on a semiconductor substrate at a first temperature, a step 
of fonning a second conductive layer on the first conductive layer at a 
second temperature higher than the first temperature, and a step of 
forming a third conductive layer on the second conductive layer at a third 
temperature lower than the second temperature. 

In the method of manufacturing the semiconductor device having 
such structure, as the thii-d conductive layer is formed at the relatively low 
temperature, formation of a recess in a surface of the thii-d conductive layer 
by a gi-ain boundary is prevented. Thus, there would be no space for a 
residue caused by the etching in the surface of the third conductive layer. 
As a result, any conductive material is not left at an unexpected portion, so 
that the semiconductor device provided with high rehabiHty and preventing 
insulation failure is provided. 

As the first conductive layer is formed at the relatively low 
temperature, adhesion with a lower layer increases. Thus, the 
semiconductor device provided with high reliability and preventing 
connection failure is provided. 

Preferably, the step of forming the second conductive layer includes a 
step of forming a second conductive layer having in its surface a recess 
caused by the grain boundary, where a distance between side walls of the 
recess becomes large as closer to the semiconductor substrate. The method 
of manufacturing the semiconductor device further includes a step of 



forming the side walls such that the distance therebetween becomes small 
as closer to the semiconductor substrate. The step of foi-ming the third 
conductive layer includes a step of forming the third conductive layer on 
the second conductive layer having the formed side walls. 

As the side walls of the recess are thus formed, even when the third 
conductive layer is formed thereon, there would be no space for the residue 
caused by the etching in the third conductive layer. As a residt, any 
conductive material is not left at the unexpected portion, so that the 
semiconductor device provided with higher rehability and preventing 
instdating failure is provided. 

More preferably, the step of forming the side walls includes a step of 
sputter etching the conductive layer. 

More preferably, the method of manufacturing the semiconductor 
device further includes a step of forming a thin fjlm layer having a material 
which is different from that of the third conductive layer on the third 
conductive layer. 

The step of forming the second conductive layer includes a step of 
keeping the second conductive layer in the atmosphere at the second 
temperature after the second conductive layer is formed by sputtering at a 
temperature lower than the second temperature. 

More preferably, the method of manufacturing the semiconductor 
device further includes a step of forming an insulating layer on the 
semiconductor substrate and a step of forming a barrier layer on the 
insulating layer. The step of forming the conductive layer includes a step 
of forming a conductive layer on the barrier layer. Then, as the conductive 
layer is foi-med on the bai-rier layer, diffusion of atoms of the conductive 
layer is prevented. 

The foregoing and other objects, features, aspects and advantages of 
the present invention wiU become more apparent from the following 
detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA is a schematic cross sectional view showing a semiconductor 



device according to a first embodiment of the present invention, and Fig. IB 
is a partial cross sectional view showing in. enlargement an opening in the 
semiconductor device according to the first embodiment of the present 
invention. 

Fig. 2 is a cross sectional view showing a first step of a method of 
manufactuiing the semiconductor device shown in Fig. 1. 

Fig. 3 is a partial cross sectional view showing in enlargement a 
recess of the semiconductor device shown in Fig. 2. 

Figs. 4 to 7 are cross sectional views showing second to fifth steps of 
the method of manufacturing the semiconductor device shown in Fig. 1. 

Fig. 8 is a cross sectional view showing a semiconductor device 
according to a second embodiment of the present invention. 

Figs. 9 to 12 ai-e cross sectional views showing first to fourth steps of 
a method of manufactuiing the semiconductor device shown in Fig. 8. 

Fig. 13 is a cross sectional view showing a semiconductor device 
according to a third embodiment of the present invention. 

Figs. 14 to 17 are cross sectional views showing first to fourth steps 
of a method of manufacturing the semiconductor device shown in Fig. 13. 

Figs. 18 to 22 are cross sectional views showing first to fifth steps of 
a method of manufacturing a conventional semiconductor device. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will now be described with 
reference to the drawings. 

First Embodiment 

Referring to Fig. lA, in a semiconductor device according to the 
present invention, an interlayer insulating film 2 is formed on a silicon 
substrate 1 as a semiconductor substrate. An interconnection layer 12 is 
foi-med on interlayer insulating film 2. Interconnection layer 12 includes: 
a titanium nitride film 3 as a barrier layer; a low-temperature aluminum 
layer (an aluminum layer formed at a low temperature) 4 as a fij:st 
conductive layer; a high-temperature aluminum layer 5 as a second 
conductive layer; and an anti-reflection film 9 as a thin film layer having 
two layers of titanium and titanium nitride. 



Titanium nitride film 3 has a thickness of about 100 nm. A 
thickness of low-temperature aluminum film 4 including polycrystalline 
aluminum is about 150 nm aind has an average crystal grain size of about 
0.5 |im. High-temperature aluminum film 5 is formed on low-temperature 
5 aluminum film 4. A thickness of high-temperature aluminum film is 
about 200 nm. High-temperature aluminum film 5 includes 
polycrystalline aluminum and has an average crystal grain size of about 1.5 
Jim. An opening 107 is formed as a recess in a surface of high-temperatm*e 
aluminum film 5. 

10 Referring to Fig. IB, opening 7 is defined by grain boundaries of 

crystals 5a to 5c of aluminum. Opening 7 has a depth D of 20 nm, a 
diameter Wi at its upper portion of about 50 nm and a diameter W2 at its 
bottom portion of 30 nm. A distance between side walls 7a and 7b of 
opening 7 becomes small as closer to silicon substrate 1. 

15 Now, a method of manvifacturing the semiconductor device shown in 

Fig. 1 will be described. Referring to Fig. 2, an interlayer insulating film 2 
is formed by CVD (Chemical Vapor Deposition) on a surface of sihcon 
substrate 1. A titanium nitride film 3 is formed on interlayer insulating 
film 2 by PVD (Physical Vapor Deposition). 

20 A low-temperature aluminum film 4 is formed on titanium nitride 

film 3 by sputtering at a low temperature of about 100°C. High- 
temperature aluminum film 5 is formed on low-temperature aluminum film 
4 by sputtering at a high temperature of about 400°C. Thereafter, high- 
temperature aluminum film 5 is cooled, and a recess 6 is formed in a 

25 surface thereof by crystal depression. 

Referring to Fig. 3, recess 6 is formed by grain boundaries of crystals 
5a to 5c of aluminum, that is, crystal grain boundaries of aluminum. 
Recess 6 is formed by depression of crystal 5b of aluminum. 

Returning to Fig. 2, the largest portion of recess 6 has a diameter W2, 

30 and a diameter at the surface of high -temperature aluminum film 5 is Ws 
(20 nm). A distance between side walls 6a and 6b of recess 6 becomes 
small as closer to silicon substrate 1. 

Referring to Fig. 4, the surface of high-temperature aluminum film 5 



is sputter etched using argon gas. Thus, opening 7 is formed by processing 
the side walls of recess 6. A distance between side walls 7a and 7b of 
opening 7 becomes small as closer to silicon substrate 1. A corner 7c of 
opening 7 is arcuate in shape. 

Referiing to Fig. 5, an anti-reflection film 9 having two layers of 
titanium and titanium nitride is formed by PVD to cover high-temperature 
aluminum film 5. 

Referring to Fig. 6, resist is applied onto anti-reflection film 9. After 
the resist is exposed to Mght, it is developed by developer to form a resist 
pattern 10. 

Referring to Fig. 7, anti-reflection fjlm 9, high-temperature 
aluminum film 5, low-temperature aluminum film 4 and titanium nitride 
fiObn 3 are etched in accordance with resist pattern 10. Thus, an 
interconnection layer 12 is formed. Thereafter, resist pattern 10 is 
removed to complete the semiconductor device shown in Fig. 1. 

According to the semiconductor device and manufacturing method 
thereof, first, side walls 7a and 7b of opening 7 are formed as shown in Fig. 
4. As anti-reflection film 9 is formed over opening 7, any particular 
portion of anti-reflection film 9 would not have extremely small thickness. 
Thus, if the resist is developed in the step shown in Fig. 6, formation of a 
space for etch residue is prevented. As a result, etching in accordance 
with resist pattern 10 ensures that a conductive material is left exclusively 
under resist pattern 10 and the other portion would be fi-ee of the 
conductive material. Therefore, the semiconductor device is provided with 
higher reliability. 

Low-temperature aluminum film 4 is formed on titanium nitride film 
3. As low- temperature aluminum film 4 is provided with high adhesion 
with other layers, the semiconductor device provided with high rehability 
and preventing connection faflure is achieved. 

Second Embodiment 

Referring to Fig. 8, silicon substrate 1, interlayer insulating film 2, 
titanium nitride film 3 and low- temperature aluminum film 4 are the same 
as those of the first embodiment. 
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A Ligh-temperature aluminum-film 5 is formed on low-temperature 
aluminum film 4. High-temperature aluminum film 5 has an average 
grain size of 1.5 ^im and a thickness of 200 nm. A recess 6 is formed in a 
surface of high-temperatm'e aluminum film 5. A dimension of recess 6 is 
the same as that shown in Fig. 2. 

Low-temperature aluminum film 2 1 is formed over recess 6. Low- 
temperature aluminum film 21 has a thickness of 100 nm and an average 
grain size of 0.1 ^m. A distance between side walls 6a and 6b of recess 6 
becomes small as closer to sihcon substrate 1. An anti-reflection fidm 22 
having two layers of titanium and titanium nitride is formed on low- 
temperature aluminum film 21. 

Now, a method of manufacturing the semiconductor device shown in 
Fig. 8 will be described. Referring to Fig. 9, as in the first embodiment, an 
interlayer insxilatiag film 2, titanium nitride fiOLm 3, low-temperature 
aluminum film 4 and high-temperature aluminum film 5 are formed on 
sihcon substrate 1. Recess 6 is formed in the surface of high-temperature 
aluminum film 5. 

Referring to Fig. 10, low-temperature aluminum film 21 is formed by 
sputtering at a temperature of about 100°C. An anti-reflection film 22 is 
formed on low-temperature aluminum film 21 by PVD. 

Referring to Fig. 11, resist is appHed onto anti-reflection film 22. 
After the resist is exposed to Hght, it is developed by a developer to form a 
resist pattern 23. 

Referring to Fig. 12, anti-reflection film 22, low-temperature 
aluminum film 21, high-temperature aluminum film 5, low-temperature 
aluminum film 4 and titanium nitride film 3 are etched in accordance with 
resist pattern 23. Thus, an interconnection layer 25 is formed. 
Thereafter, resist pattern 23 is removed to complete the semiconductor 
device shown in Fig. 8. 

According to the semiconductor device and manufacturing method 
thereof, low-temperature aluminum film 21 is formed in recess 6. As the 
average grain size of low-temperature aluminum film 21 is relatively small, 
it is unlikely that depression of a crystal is caused. Thus, even when anti- 
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reflection jBlin 22 is formed on low-temperature aluminum film 21, any 
portion of anti-reflection film 22 would not have a smaller thickness. 
Therefore, low-temperature aluminum film 21 would not be etched at the 
time of development of resist pattern 23, and there is not any space for the 
etch residue. In addition, insulation failure is prevented. As shown in 
Fig. 12, the conductive material is left exclusively under resist pattern 23, 
and the other portion would be free of conductive material. As a result, 
the semiconductor device with high rehabdity is achieved. 

Low-temperature aluminiun film 4 is formed on titanium nitride filnn 
3. As low-temperature aluminum film 4 has high adhesion with other 
layers, connection failure is prevented. As a result, the semiconductor 
device with high reliability is achieved. 

Thii-d Embodiment 

Referring to Fig. 13, an interlayer iasidating film 2, titanium nitride 
film 3, low-temperature aluminum film 4 and high-temperature aluminum 
film 5 are formed on a silicon substrate 1. An opening 7 is formed in a 
surface of high -temperature aluminum filTn 5, and a distance between side 
walls 7a and 7b of opening 7 becomes small at closer to silicon substrate 1. 
Low-temperature aluminum film 31 is formed in opening 7. 

An anti-reflection film 32 having two layers of titanium and titanium 
nitride is formed on low-temperature aluminum film 31. Titanium nitride 
film 3, low-temperature aluminum film 4, high-temperature aluminum film 
5, low- temperature aluminum film 31 and anti-reflection film 32 comprise 
an interconnection layer 35. 

Now, a method of manufacturing the semiconductor device shown in 
Fig. 13 wiU be described. Referiing to Fig. 14, as in the steps shown in 
Figs. 2 and 4 of the fii-st embodiment, interlayer insulating film 2, titanium 
nitride film 3, low-temperature aluminum film 4 and high-temperature 
aluminum film 5 are formed on silicon substrate 1. Opening 7 is formed 
by sputter etching the surface of high-temperature aluminum film 5 by 
ai'gon. The distance between side walls 7a and 7b of opening 7 becomes 
small as closer to silicon substrate 1. 

Referiing to Fig. 15, low-temperature aluminum film 31 is formed to 



- 12 - 



cover opening 7 by sputteiing at a temperature of about 100°C. Anti- 
reflection film 32 having two layers of titanium and titanium nitride is 
formed on low- temperature aluminum film 31 by CVD. 

Refei-ring to Fig. 16, resist is applied onto anti-reflection film 32. 
After the resist is exposed to light, it is developed by developer. Thus, a 
resist pattern 33 is formed. 

RefeiTing to Fig. 17, anti-reflection film 32, low-temperature 
aluminum film 31, high-temperature alxmiinum film 5, low-temperature 
aluminum film 4 and titanium nitride film 3 are etched in accordance with 
resist pattern 33 to form an interconnection layer 35. Thereafter, resist 
pattern 33 is removed to complete the semiconductor device shown in Fig. 
13. 

According to the semiconductor device and manvifactuiing method 
thereof, first, low-temperature aluminum film 31 is formed on high- 
temperature aluminum film 5 at a low temperature as shown in Fig. 15. 
As a crystal gi-ain size of low-temperature aluminum film 31 is relatively 
small, it is unlikely that a recess is formed in low-temperature aluminum 
film 31. Recess 6 in the high-temperature aluminum film is processed to 
be tapered opening 7, so that a surface of low-temperature aluminum film 
31 is almost planar. Accordingly, even when anti-reflection film 32 is 
formed on low-temperature aluminum film 31, any portion of anti-reflection 
film 32 would not have a smaller thickness. Therefore, low-temperature 
aluminum film 31 is not etched at the time of development of resist pattern 
33, whereby formation of a space for the etch residue is prevented. As a 
result, a conductive material is left exclusively under resist pattern 33 and 
the other portions ai'e substantially fi-ee of the conductive material, as 
shown in Fig. 12. Therefore, the semiconductor device provided with high 
reliability and preventing connection failure is achieved. 

As high-temperature aluminum film 4 with high adhesion with other 
material is formed on titanium nitride film 3, semiconductor device with 
high reliability and preventing connection failure is achieved. 

Although the embodiments of the present invention have been 
described above, vaiious modifications can be made to the embodiments. 
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For example, in the above sputtering at the high temperature has been 
exemplified as a method of forming high-temperature aluminum film 5. 
However, the method is not limited to this and, for example, a so-called 
high temperature reflow method may be used in which an aluminum film is 
formed by sputtering at a low temperature of about 100°C and the 
aluminxmi film is kept at a high temperature of about 400''C. 

Although anti-reflection film 9 has been described as having two 
layers of titanium and titanium nitride, a silicon nitride film may be used 
as the anti-reflection fOm. Further, though aluminum has been described 
as the conductive material of the interconnection layer, copper or tungsten 
may be employed. 

In some cases, a boundary between low temperature having 
aluminum film 4 and high-temperature aluminum film 5 is not clearly 
defined. Then, a portion of low-temperature aluminum fjlm 4 that is 
closer to titanium nitride film 3 has a relatively small grain size, whereas 
the portion closer to high temperature having aluminum film 5 has a 
relatively large grain size. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of iQustration and 
example only and is not to be talcen by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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